Abstract the aim of the study was to determine genetic parameters of live performance traits in pigs of three native breeds maintained in Poland. As part of the conservation programmes, the Puławska (Puł), Złotnicka White (ZW) and Złotnicka Spotted (ZS) breeds are monitored for productivity based on performance test results of these breeds. the study included 6042 gilts and 2406 boars of the Puławska breed, 866 Złotnicka White gilts, and 903 Złotnicka Spotted gilts. The genetic parameters were estimated separately for each breed, and also separately for sexes in the case of the Puławska breed. The components (co)variance and genetic parameters were estimated using the REML method for the animal model taking into account different combination of fixed and random effects. convergence of the iterative process was achieved by the selection of Aireml algorithm. The coefficients of genetic and phenotypic correlations between measurements of slaughter traits and daily gain were low for all breed groups. In turn, the relationships between backfat thickness measurements and carcass meat percentage were estimated as high. Only the correlations of slaughter traits with loin eye height were not uniform for the analysed breed groups. the coefficients of heritability (h 2 ) were high and intermediate for all breeds and sexes. The highest heritability coefficients were obtained for daily gain (0.58 in ZW to 0.80 in Puł gilts), followed by backfat thickness (0.37 in Puł gilts to 0.64 in ZW) and carcass meat percentage (0.40 in ZS to 0.56 in ZW). The lowest coefficients were obtained for loin eye height (0.24 in Puł boars to 0.40 in ZW). the estimated genetic parameters could be used to verify selection indices of the breeds included in the genetic resources conservation programmes.
In Poland, there are three breeds of native pigs: the Puławska, Złotnicka White and Złotnicka Spotted. The number of these animals is very small. In 2017, 1450 Puławska sows, 1022 Złotnicka White sows and 577 Złotnicka Spotted sows were used for reproduction (Szyndler-Nędza et al., 2018) . Native breeds of pigs are genetically different from high-production breeds (Gurgul et al., 2018) . They are less attractive for pig producers and breeders because of the poorer meatiness of the fattening pigs compared to the meatiness of high-lean fatteners. For this reason, the development of these populations is difficult and there is a real threat that they may become extinct. Animals of these breeds are characterised by traits that are valuable from an economic and breeding perspective. These include resistance to disease and stress and good maternal and prolificacy traits (Babicz et al., 2016) . In addition, the meat and pork fat obtained from them have a unique taste and quality (Florowski et al., 2006; Szulc et al., 2012; Bogucka et al., 2016) . For these reasons, Puławska, Złotnicka White and Złotnicka Spotted pigs have been included in the genetic resources conservation programme. These conservation programmes, developed by organisations supervising the breeding of Puławska (Polish Pig Breeders and Producers Association -"POLSUS"), Złotnicka White and Złotnicka Spotted pigs (Poznań University of Life Sciences), place particular emphasis on maintaining the characteristics of these breeds unchanged. In particular, the meat content of the carcass and the backfat thickness should not change. As part of the conservation programmes, these characteristics are monitored by analysing the performance test results of breeding animals as the basic information about their carcass traits and growth rate (Buczyński et al., 2015 a, b; Walkiewicz et al., 2017) .
The applied performance testing method is one of the principal tools in selective breeding of highly productive breeds. The selection indices used in this method were elaborated based on genetic parameters estimated for these breeds for the purpose of monitoring changes in different populations of high-producing pigs (Szyndler-Nędza et al., 2010) . Genetic parameters are also used to determine changes in the genetic value of production traits (Sullivan, 2007) or to perform economic analyses of breeding directions (Cassady and Robison, 2005) . They also find application in determining breeding requirements which account for a number of new traits associated with the behaviour of pigs, among others (Rohrer et al., 2013) . The efforts to make such an extensive use of genetic parameters have motivated us to analyse their values also in the native breeds of pigs, which are genetically and phenotypically distinct from high-producing breeds.
Because the work on the native breeds is not aimed to improve fattening and meat performance, no genetic parameters of these traits are available for local breeds in the international literature. In Poland, such research was conducted by Szyndler-Nędza et al. (2010) using the performance test results of the Puławska breed.
The objective of the study was to determine the genetic parameters of three native breeds of pigs raised in Poland.
material and methods
The study used the performance test results of Złotnicka White and Puławska pigs from 2010-2017 and of Złotnicka Spotted pigs from [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] [2017] . The animals were performance tested in keeping with the methods adopted by relevant herdbook organisations. In accordance with performance testing methodology, the animals were tested at the age of 150-210 days (Puł) or 150-240 days (ZW, ZS). A Piglog 105 ultrasonic device was used to measure backfat thickness at P2 (on the back behind the last rib, 3 cm off the dorsal midline) and P4 (on the flank behind the last rib, 8 cm off the dorsal midline) and loin eye height at P4 (P4M). The following parameters were determined with regard to age and body weight of the animals tested:
-for ZW and ZS, daily gain standardised to 180 days of age, and lean meat percentage in accordance with the methods for performance testing of breeding gilts (Eckert and Szyndler-Nędza, 2004 ).
-for Puł, daily gain standardised to 180 days of age, and lean meat percentage standardised to 110 kg body weight and 180 days of age in accordance with the methods for performance testing of breeding boars and gilts (Eckert and SzyndlerNędza, 2017) .
To estimate the genetic parameters, databases were searched to select animals from pig farms in which at least 5 offspring of one sex, sired by each Złotnicka White and Złotnicka Spotted boar, and at least 10 offspring of one sex sired by a Puławska boar, were tested. Due to the small number of performance tested boars of the Złotnicka breeds, the genetic parameters in these two breeds were only estimated for the gilts. In the case of the Puławska breed, the calculations were made for both the boars and the gilts.
After verification, the databases included performance test data for 2616 Puławska boars and 8222 Złotnicka White, Złotnicka Spotted and Puławska gilts. The number of herds and the number of sires and dams of the tested offspring -which served as a basis for further calculations -are presented according to breed in Table 1 . The animal pedigrees were complete and included four generations. The coefficient of inbreeding was around 4% for all the breeds. The annual inbreeding increment averaged 0.3% for the Puławska breed, 0.6% for the Złotnicka Spotted breed and 0.7% for the Złotnicka White breed (Szyndler-Nędza et al., 2018) . The genetic parameters were calculated for traits of the pigs: two measurements of backfat thickness (at the P2 and P4 sites) and loin eye height (at P4M), carcass meat percentage and daily weight gain. The calculations were performed separately for each breed, and in the case of the Puławska breed, separately for both sexes. The components (co)variance and genetic parameters were estimated using the REML method for the animal model taking into account different combination of fixed and random effects. Convergence of the iterative process was achieved by the selection of AIREML algorithm. To estimate genetic parameters for their individual use in breeding programmes of each of these breeds, taking into account gender, the two models below were used; the components of the model were chosen based on the effects estimated from analysis of variance (ANOVA) The genetic parameters were calculated using the DFREML package (Karin Meyer, v. 3.0) and statistical analyses were performed using the STATISTICA 12 package (StatSoft Polska).
results
The means and standard deviations for the analysed performance test traits are presented in Table 2 . The obtained results show that these breeds are phenotypically different. Złotnicka Spotted gilts had the thickest backfat at both measurement sites, and Puławska gilts by far the thinnest. P4M loin eye height was highest in Puławska gilts and lowest in Złotnicka Spotted gilts. Carcass meat percentage was highest in Puławska gilts, lowest in Złotnicka Spotted gilts, and intermediate in Złotnicka White gilts. Puławska boars were characterised by similar parameters of slaughter traits as Puławska gilts. By far the highest daily gain was observed in Puławska boars, and the lowest in Złotnicka Spotted gilts. The coefficients of heritability (h 2 ) estimated for each breed were high for backfat thickness and daily gain (Table 3 ). The heritability values for daily gain, backfat thickness and meat percentage measurements in Złotnicka White and Złotnicka Spotted gilts range from 0.40 to 0.73. Slightly lower were those for loin eye height (<0.40). For Puławska gilts and boars, the heritability of slaughter and fattening traits was at a similar level as in the Złotnicka breeds. The highest heritability values were estimated for backfat thickness of boars and daily gains and meat percentage of gilts, and the lowest for loin eye height. The coefficients of phenotypic correlations (r p ) between the different traits are shown according to the breed in Table 4 . The relationships between backfat thickness and meat percentage measurements were high and similar for gilts of the Złotnicka breeds (about -0.9). In the Puławska breed, these correlations were slightly lower: -0.71 for gilts and -0.78 for boars. Loin eye height showed by far lower correlations in all the breeds with backfat thickness and daily gain (-0.12 to 0.21). The relationships between loin eye height and carcass meat percentage in the Złotnicka and Puławska breeds showed different values; they were less than 0.2 in the Złotnicka breeds and exceeded 0.5 in the Puławska breed. Distinctly lowest correlations (-0.02) were estimated between daily gain and P2 and P4 backfat thickness in Puławska gilts. Table 5 shows the genetic correlations (r G ) between the analysed traits according to breed. The coefficients of genetic correlation for slaughter and fattening traits followed a similar pattern to the phenotypic correlations. The highest correlations were estimated between measurements of backfat thickness, and also between these measurements and carcass meat percentage (above 0.9 in the Złotnicka breeds and above 0.7 in the Puławska breed). By far the lowest genetic correlations were calculated between loin eye height and backfat thickness; they ranged from 0.36 to 0.43 for the Złotnicka White and Złotnicka Spotted breeds, and from -0.04 to 0.19 for the Puławska gilts and Puławska boars. The relationships between P4M measurement and carcass meat percentage were lowest and ranged from -0.06 to -0.10 for the Złotnicka gilts and Puławska boars (0.10); this correlation was fairly high (0.40) only for the Puławska gilts. As regards the relationships between daily gain and P2, P4 and P4M measurements, the coefficients of genetic correlation were at an intermediate level for the Złotnicka gilts (0.10-0.45) and Puławska boars (-0.29-0.15), and below 0.10 for the Puławska gilts.
discussion
The mean performance test results of the Złotnicka White, Złotnicka Spotted and Puławska gilts and Puławska boars were at the intermediate level of the performance test results for each of these breeds as reported in 2017 by Eckert and SzyndlerNędza (2017) and Eckert et al. (2017) . This means that the analysed data reflected the current productive value of these breeds in terms of the performance test.
When choosing different models for estimation of heritability in such small populations, we attempted to minimise the estimation error for this parameter. While for the larger population of Puławska gilts and boars low estimation errors of the heritability coefficient were obtained for all the traits, the estimation error for the much smaller populations of Złotnicka White and Złotnicka Spotted gilts were much higher for some of the traits.
In general, high and intermediate coefficients of heritability were estimated for all the breeds and sexes, which is expected to increase breeding progress for particular traits. The highest h 2 values were obtained for daily gain, followed by backfat thickness and carcass meat percentage. The lowest h 2 values were noted for the measurement of loin eye height. The obtained results correspond with the results of studies with pigs of different high-producing breeds. Szyndler-Nędza et al. (2010) and Choi et al. (2013) also showed the highest heritability coefficients for daily gains and the lowest for loin eye measurements. Different results for daily gain were obtained for Large White, Landrace and Duroc breeds by Skorupski et al. (1996) , who reported a low value of this parameter (h 2 =0.2). As regards backfat thickness measurements, our results are similar to those obtained for Norwegian Landrace pigs by Holm et al. (2004) , who reported similar coefficients of heritability (0.44 to 0.46) as in our study. These results correspond with the values reported by commercial companies, where this parameter ranged from 0.49 to 0.50 (Sullivan, 2007) . Slightly lower but still intermediate heritability values for backfat thickness measurements (0.32-0.41) were obtained by Choi et al. (2013) . In turn, the coefficients of heritability for carcass meat percentage, estimated in our study for all the breed groups, are consistent with the findings of Rothschild and Ruvinski (1998) Analysis of the correlations between the analysed traits showed a similar distribution of phenotypic and genetic correlations. In addition, no large differences were observed between the breed groups. Only in the case of Puławska gilts were the phenotypic and genetic correlations of backfat thickness with meat percentage slightly lower, and those with daily gain were much lower. A similar situation occurred for the relationship of loin eye height with daily gain and meat percentage, where the correlations for Puławska gilts differed from the same parameters estimated for the other groups. In general, the relationships between slaughter traits and daily gain for the analysed breed groups were very low. This is supported by the findings of Cassady and Robison (2005) , where the correlation between backfat thickness and daily gain was 0.12. Also Choi et al. (2013) determined the relationships between growth rate and backfat thickness below 0.10. Only in the study by Skorupski et al. (1996) did the correlations between daily gain and backfat thickness, estimated for different breeds range from 0.30 to 0.40. This is consistent with our results obtained for the Złotnicka White breed.
The results obtained in the Złotnicka White and Złotnicka Spotted gilts for the relationships between ultrasound measurements (P2, P4, P4M) agree with Choi et al. (2013) , where the genetic correlations between backfat thickness and loin eye area ranged from -0.33 to -0.38. A similar value (0.4) was obtained by Cassady and Robison (2005) . The correlations obtained in our study for the Puławska gilts and boars were considerably lower, which is not supported by the available literature.
conclusions
In summing up the results, it is stated that high phenotypic and genetic correlations were estimated for the analysed breeds between ultrasound measurements of backfat thickness (P2 and P4) and carcass meat percentage (r P from -0.71 to -0.92; r G from -0.71 to -0.95), which shows that it is appropriate to use these measurements for live evaluation of meat percentage in these breeds. In the case of loin eye height (P4M), the results were not as conclusive. The highest coefficients of phenotypic and genetic correlations between this trait and carcass meat percentage were estimated only for the Puławska breed (ca. r P = 0.60 for Puławska gilts and boars, and r G = 0.40 for Puławska gilts only); in the other groups these correlations were at a low level. The coefficients of heritability for the Puławska and both Złotnicka breeds were estimated as high for daily gain and as intermediate for backfat thickness and carcass meat percentage. This means that rapid breeding progress can be obtained for these traits in these breeds. The estimated genetic parameters could be used to verify selection indices while accounting for the objectives of the genetic resources conservation programmes for each of these breeds. (1996) . Estimates of genetic parameters for production and reproduction traits in three breeds of pigs. New Zeal. J. Agr. Res., 39: 387-395. S u l l i v a n B.P. (2007) . Genetic sources of variability in pig production. Advances in pork production University of Alberta, 18: 131-137. S z u l c K., S k r z y p c z a k E., B u c z y ń s k i J.T., S t a n i s ł a w s k i D., J a n k o w s k a -M ą k os a A., 
